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Water Quality Assessment
Dale Hollow Lake and Its Inflows

John A. Gordon
Tennessee Technological University

Cookeville, TN 38505

IrWRODUCTION

Dale Hollow Lake presently has very good overall water quality as

evidenced by several reports. EPA (1975) classed Dale Hollow Lake as

mesotrophic based upon sampling in 1973 and 1974. EPA (1975) also sampled

nine tributaries and the municipal waste flows of Albany and Jamestown.

Primary productivity was low and growth was limited by phosphorus and not

nitrogen.

Ragsdale and Bulow (1975) classified Dale Hollow Lake as oligotrophic

based upon sampling in 1971 and 1972. They based this classification on

the appearance of numerous oxygen maxima and uniformly high dissolved oxygen

values. The oligotrophoc classification was also the conclusion of Gordon

(1976) who used the scheme of Dillon (1975) to classify the lake.

Since Dale Hollow Lake is such a high quality resource, it should

be protected and its condition mantained if possible. The Nashville

District, U.S. Army Corps of Engineers, became corcerned that the current

database was inadequate for the streams flowing into the lake and recommended

that more information be gained on these inflow streams. Possible threats

to the lake include changing land uses such as minina, forestry, agriculture,

oil and gas drilling, and urbanization. Thus, a survey of inflow streams

and lake water quality was performed during May through November, 1985.

OBJBCTIVS/PURPOSE

The purpose Jf the survey was to determine the quality of the major

inflows into Dale Hollow Lake and to evaluate the effect of these inflows
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on the present and future water quality of the lake. The objective was

to determine if the high level of water quality in the lake is threatened

or if it can be expected to continue into the future. In essence, the

inflowing streams were to be 'screened' in order to identify any problem

areas. The potential impacts were to be screened under varying hydrological

conditions.

STATIONS AND METHODS

Inflowing Streams

The stations sampled were as follows:

#1 Irons Creek Mile 4.4

#2 Eagle Creek Mile 5.3

#3 West Fork Obey River Mile 7.5

#4 Big Indian Creek Mile 0.4

#5 East Fork Obey River Mile 12.6

#6 Franklin Creek Mile 0.6

p #7 Wolf River Mile 22.7

#8 Spring Creek Mile 2.7

#9 Little Sulphur Creek Mile 4.2

#10 Illwill Creek Mile 9.5

#11 Williams Creek Mile 2.5

#12 Sulphur Creek Mile 6.2

All streams were sampled at a flowing location just upstream of the

reservoir. Access was generally from roads and bridges permitting all-

weather sampling.

Samples for laboratory analysis were collected at each location and

held/preserved in such a manner as to insure that no degradation occurred

prior to analysis. Each sample was tagged for proper identification and

all data sets were taken on the same day. Parameters measured in the labora-

tory were:

Hardness Ammonia Cadmium
Alkalinity Total Phosphorus Total Chromium
Acidity Iron Copper



Chlorides Manganese Nickel
Sulfates Sodium Lead
Total Solids Zinc Potassium
Dissolved Solids Aluminum Kjeldahl Nitrogen
Suspended Solids Barium Calcium
Calcium Magnesium Nitrate and Nitrite

Parameters measured in the field were:

Temperature Specific Conductivity
Dissolved Oxygen Turbidity
pH Flow

The field parameters of temperature, dissolved oxygen, pH, and specific

conductivity were measured with a calibrated Hydrolab Surveyor system,

turbidity with a Hach field turbidimeter, and flow with a Marsh-McBirney

magnetic current meter. The laboratory analyses were run using currently

accepted analytical techniques approved by the Government. Documentation

of these techniques is available upon request.

Quality control was assured by proper standardization of all instru-

ments, using duplicate, spiked, and EPA reference samples. The quality

control program was documented and the results are available upon request.

(Call TTU Water Center, 615-528-3507.)

Surveys were conducted on May 13, June 5, July 16, August 21, September

17, October 7, and November 4, 1985, on the inflow streams. All streams

were thus sampled seven times except for Little Sulphur Creek which was

not sampled in May.

Lake Surveys

The stations sampled on Dale Hollow Lake were as follows:

Obey River Mile 32.7

Obey River Mile 27.2

Wolf River Mile 8.7

Obey River Mile 16.7

Obey River Mile 7.8



All stations were sampled at the deepest point in the cross-section

at intervals of 1 to 3 meters in depth. Temperature, dissolved oxygen,

specific conductance, pH, oxidation/reduction potential, and depth were

measured with a Hydrolab Surveyor system. Turbidity was measured with

a Hach field turbidimeter, fluoroescence with a Turner Designs Model 10

fluorometer using a flow-through cell, Secchi depth with a Secchi disk,

and the light extinction coefficient with a Whitney submarine photometer.

The photometer readings were converted to extinction coefficients using

a linear regression technique. A 12-volt pump and 3/4 inch hose was used

to pump water to the surface. Quality control consisted of proper calibra-

tion of all instruments.

Take Surveys were conducted on July 10-11, August 23, and October

3, 1985.

DATA PRESENTATION - DALE HOLLOW INFLOWS

The data collected during the inflows are shown by Tables 1 through 4.

There are 3? columns of data, 12 stations, and 7 sampling periods which

produced 2,656 data points. Obviously, these data cannot be explained

without the use of data reducti n techniques such as plotting.

The data are first summarized by plotting parameter values for each

station as shown by tables which follow. Each parameter will be discussed

briefly in the following paragraphs. Not all parameters will be summarized

with graphs.

Flow

The objective of assessing water quality at varying hydrological condi-

tions was only partially met even though the span of the surveys was

increased by two months in order to increase the measurement of water quality



at nigh flows. It turned out that 1985 was the second driest year on record

for Tennessee; therefore, this study was done under low-flow conditions.

Figure 1 is a plot of flow versus station for 1985. Stations 1 through

12 are described under the earlier section on stations. Stations ],4,6,

and 9 all had flows less than 3 cfs during the survey (Irons, Big Indian,

Franklin, Little Sulphur Creeks). The stations having the greatest flow

variation were 2,3,5, and 7 (Eagle, West Fork Obey, East Fork Obey, and

Wolf). The flo . in the West Fork Obey was low throughout the survey as

Carrithers and Bulow (1973) reported a mean flow at the sampling location

of 1(-, cfs from 1942 to 1968. In a similar fashion, USGS (1985) reported

a mean flow of 426 for the East Fork Obey River based upon 42 years of

record. All survey flows were below the average at this station. USGS

(1982) reported the mean flow of the Wolf River to be 178 cfs. Only one

value exceeded the average during these surveys on the Wolf River. USGS

(1982) also reported that the principal factor affecting the annual average

flow is the size of the drainage basin (i.e. the runoff in cfs/mi' is

relatively constant) and that actual streamflow varies with time and place.

Thus, flows during this survey were less than average and only a few

stations had widely varying flows.

Temperature

No unusual occurances were observed in the inflow temperatures during

the survey at any station.

Dissolved Oxygen

DO was uniformly high throughout the survey at all stations except

Irons Creek which had a couple of low DO values and Little Sulphur which

had one moderate ,alue.
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The minimum observed pH was 7.3 and the maximum was 8.7. All pH values

were within a satisfactory zone for fish and aquatic life.

Turbidity

k Some stations had occasional high turbidity levels which were causedl

by runoff events. Plots of flow and turbidity did not show good relation-

ships. Plots of temperatures, DO, pH, and turbidity at each station ar

a function of time are shown by Figures 2 through 13. Figures 14 through

16 show the generally poor relationship between flow and turbidity.

Conductivity

Specific conductivity can show the presence of objectionable quantities

of dissolved solids. Figure 17 clearly shows that Stations 4,6,8,9,10,11,

and 12 have conductivities above 400 (Big Indian, Franklin, Spring, Little

Sulphur, Illwill, Williams, and Sulphur).

Alkalinity

Alkalinity was very low in the Fast Fork of the obey River as shown

below:

5/13/85 10 mg/l 09/27/85 52 mg/I

6/05/85 20 mg/l 10/07/85 22 mq/]

7/16/85 49 mg/l 11/4/85 42 mg/1

8/21/85 77 mg/l

All other stations had adequate alkalinity at all times.

Hardness

Hardness was high at Stations 4,6,8,9,10,11, and 12 (Indian, Franklin,

Spring, Little Sulphur, Illwill, Williams, and Sulphur) with values over

200 mg'l. Values above 500 mg/i were noted at Stations 10,11, and ]2.

Figure 18 shows hardness at each station and Figure 19 shows that all hard-

ness is noncarbonate hardness associated with Ca++, Mg", Fe++ 4 , and Al+++

ions. Hardness was also calculated based upon the measured concentrations



of Ca+ and Mq ++ Qlvinq the results shown by Figure 20. The narrow .-nge

of fit to the 45-degree line shows that hardness is mostly cauised f,; -i

arid F ;

Chlorides

Figure 21 shows that chlorides are high at Stations 4,8,,C), and 11

jBig Indian, Spring, illwill, and Williams). Chlorides c-ould oricinato

from oil and gas drillinq, springs, or industrial sources.

Sulfates

Sulfates greater than 75 mg/l are often associated with sulfur spr:rge,

acid mine drainage, and oil and gas drilling. Figure 22 shows thi: many

stations exceed this value. Stations 1,4,5,6,8,10,11, and 12 all had hioh

sulfate values. Some of these streams are known to hate sources of acid

mine drainage, most notably the East Fork Obey River (Station 5).

Solids

Most solids were dissolved throughout the survey except. when nigi

turbidities were present. Few suspended solid lei's exceeded 100eq/i.

High levels of chlorides and sulfate2 and high lev-,I. of d! uso] .ed jol Lds

were complimentary.

Nitrogen

All nitrogen species were low throughout the survey. This generally

indicates a lack of municipal pollution in these streams.

Phosphorus

Most total phosphorus levels were quite low throuchout the survey.

Spring Creek constantly had elevated phosphorus levels and Little Sulihur

occasionally had high concentrations.

Iron

Total iron above 500 Pg/l can be an indication of acid mine drainage.

Stations 2,5, and 9 had more than one value above this level. Of course,
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spit nn watei a I!ro has high iron on occasion. Figure 2' shows the iron

viiu'. ro,-orded du inq the survey.

Man anese

Manqanese ahov 50)0 iq/l c:an also indicate acid mtine drainage m' qrmind

water. Figure 24 shows the manganese levels recorded during tho su.v,-,,.

No stations were in excess of 500 pg/l but high levels w.ere ,cvident at

Stations 1,5,9, and Ii.

Aluminum

Aluminum above 300 pg/l can be caused by acid mine drainage. l igure

25 shows that Station 5 was the only station having a value in excess of

this. In general, aluminum values declined during the survey period.

Zinc

most zinc values were below 500 pg1/. Occasional higher va]locs ,er-o

noted out not repeated. Zinc values also had a tendency to decrease duritnq

the survey. Figure 26 shows the zinc concentrations ,e--oided.

Barium

Barium levels were low at all stations witn all concentrations less

than 7/ ug/l.

Calcium and Maqnesium

These elements were earlier correlated with measured hardness. 'he

lowest values of calcium occurred in the East Fork Obey River.

Cadmium, Chrome, Copper, Nickel, and Lead

These elements were not detectable during the surNe>.

Potassium

A few elevated levels of potassium were noted dutinq the curvey and

are noted as follows:
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Station 5/13 6/5 7/1b 3/21 9/17 10/7 11/4

9-L. Sulphur * 1.6 7.9 7.7 10.3 4.5 9.6

lO-Illwill 2.6 3.1 3.4 4.3 4.1 3.9 4.(

(Concentrations in mg/i)

The water quality of the Dale Hollow inflows is discussed by stledm

in the following paragraphs.

Irons Creek is a small creek having low flows (0.01 to 2.4 cfs).

It recorded a couple of low DO values, slightly elevated sulfates, and

moderately high manganese. In all, water quality here is good.

Eagle Creek did not show any water quality problems during the survey.

It has moderate flow and some turbidity during runoff.

West Fork Obey River is an important, high flow, high quality stream

having no apparent problems.

Big Indian Creek is a low flow stream which was noted to have high

conductivity, hardness, chlorides and sulfates. A sing]e high zinc value

was recorded. This stream had low turbidity, good visual quality, and

minnows were always present. Some investigation of its drainage is recom-

mended.

East Fork Obey River is a high flow stream which had problems with

low alkalinity, high sulfates, iron, manganese, aluminum, zinc, and calcium.

The river is strongly affected by acid mind drainage as reported by Nichols

and Bulow (1973). The location of the survey is at a recovery point and

bedding sunfish were noted throughout the survey. A grab sample at East

Fork Obey River at mile 26.4 (13.8 miles upstream) showed the following

characteristics:

Date EFORM pH Cond. Mn Fe A] SO4  TDS

12/10/85 26.4 2.8 680 2,852 5,940 14,420 249 442

pmho/cm Pg/I Pg/I Pg/I mg/i mg/l



Obviously, the East Fork Obey River is strongly impacted by acid mine

drainage. The lake is spared an impact because of some 6 miles of

subterranium drainage between mile 26.4 and about mile 20. A careful

analysis of water quality in this stream is in order. All mines are now

closed and it would appear that some OSM Abandoned Mine Lands Money should

be invested in this drainage.

Franklin Creek is a small stream draining a forested area containing

some surface mines on Double Top Mountain. Franklin Creek had high

conductivity, hardness, and sulfates during this survey. it was similar

to Big Indian Creek except for chlorides.

Wolf River is a high-flow, high-quality tributary of Dale Hollow Lake.

No water quality problems were evident.

Spring Creek is a moderate-flow stream with some water quality problems.

Its conductivity was high along with hardness, chlorides, sulfates, and

phosphorus. A slime growth was evident during the first several surveys

which may have indicated some organic contamination.

Little Sulphur Creek is a low-flow stream which was surrounded with

oil wells and storage. It showed problems with DO, alkalinity, phosphorus,

iron, manganese, and potassium. More than likely, upstream cattle feedlots

and pastures are the source of the problem.

Illwill Creek is a moderately flowing stream which showed elevated

levels of conductivity, hardness, chlorides, sulfate, and manganese. The

source of these contaminants should be investigated.

Williams Creek is a small spring-fed creek of low base flow. Phe

springs feed the creek just above the sampling point and have a suitut like

odor. Some very slight oil residue appears in the creek from adjacent



o Ii rtids. As might Ye expected, Williar's has high conductivity, hardness,

chloridc':, sulfates, and manganese. No real problems are evident, however.

Sulphur Creek is a moderately flowing, high-quality stream with woderatc

levels of conductivity, hardness, and sulfates. Fish and aquatic life

were always present. No problems are evident.

DATA PRESENTATION - DALE HOLLOW LAKE

The data collected on Dale Hollow Lake are presented by Table 5.

These data confirm that the lake is a high-quality resource. The water

was very 7lear, few algae were present, turbidity was very low, pH moderate,

and conductivity in the low range. Dissolved oxygen was present at all

depths except in the Wolf River embayment. Temperature and DO relationships

should support the present two-level fishery into the future. No lake-

related water quality problems are apparent.

CONCLUSIONS

D)ale Hollow Lake is a high quality, neay 17 oliqrtrophi: lako. Most

of its inflowing streams and Rivers are of moderate flow, averaginq atout

1.5 c1fs'mi' of drainage. The Irons Creek, Eagle Creek, West Fork Obey

River, Wolf River, Williams Creek, and Sulphur Creek inflows appear to

:Ne free of problems. The worst potential problem area is the East Fork

Obey River which should be the target of an in-depth investigation of ts

acid mine drainage problem. Lesser investigations are rurommended for

Big Indian Creek, Franklin Creek, Spring Creek, Little Sulphur roek, and

lllwill Creek to determine the sources of their problems.



12

ACKNOWLF)GFMENT

?i~ writpr acknowledges and appreciates the invaluabie S;tpf- )r -f

Ms. Susan Burns, Mr. Jeffry Curtis, and Dr. Brett Holup, who cssi:,tod in

the survey.

RZFERENCES

Carrithers, R.B. and Bulow, F.J. (1973), "An Ecological Survey of the West
Fork of the Obey River, Tennessee, with Emphasis on the Effects of Acid
Mine Drainage," J. Tenn. Acad. of Science, Vol. 48, No. 2, April.

Dillon, P.J. (1975), "The Phosphorus Budget of Cameron Lake, Ontario:
The Importance of Flushing Rate to the Degree of Eutrophy of Lakeq,"
Limnology and Oceanography, Vol. 20, No. 1, January.

EPA (1975), "Preliminary Report on Dale Hollow Reservoir," Natina
Eutrophication Survey, PNERL, EPA, Corvallis, Oregon.

Gordon, J.A. (1976), "Water Quality Conditions in Dale Hollow Lake" Nashille
District, U.S. Army Corps of Engineers Report.

Nichols, L.E. and Bulow, F.J., (1973), "Effects of Acid Mine Drainage on
the Stream Ecosystem of the East Fork of the Obey River, Tennessee," J.
Tenn. Acad. of Science, Vol. 48, No. 1, January.

Ragsdale, E.L. and Bulow, F.J. (1975), "Possible Effect of Acid Mine Drainage
on the Water Quality and Fish Population of Dale Hollow Reservoir, Tennessee
and Kentucky," J. Tenn. Acad. of Science, Vol. 50, No. 3, July.

USGS (1985), "Water Resources Data-Tennessee Water Year 1984," USGS Report
TN-84-1, Nashville.

USGS (1982), "Hydrology of Area 17, Eastern Coil Providence, Tennessee
and Kentucky," USGS Open File Report 81-11]8, Nashville.



Table 1. Dale Hollgw Inflow Sampling Data, 1985 13
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Table 1 (continued)
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. .. --"" ,,_ 9.2 :'31 7.9 d. 8 i,t: -. . ,,I-- , 3.9 :297' , .. 2 , 5-
"" :,,E i.; -.. 9.3 241. 7.7 i. .42,28 $2,51

- '? r +4 3' V. 9.5 492 7.8 2.: 8 "31
9 c" 6. _ 0. 20.6 3.4, 6.1 , 6.S '22 .,

? 7 N ',t 1,' 8.9 10.7 602 8.5 ,,> 254 15
.. . . ,Lr.F. ( ,1 2u.0 8.9 5 7.7 ., - 147"€ 't . .LV.. .- 10.5.1.i, , , ,L . ! 07.8 3.. 920 ! 1,

' '7 3 ., .. 63 10-3 7,4 .4 55 73.;
.. ... ..... 6 8.3 857 7.7 34,5 525 i73 l

12>, V , [! 6 '.1 . . 9.7 .377 8.1 1.4 258 12"1 ;
ton7. tn. L, CP 6.9 8.6 11.1 343 8.2 1.5 183 13 "
1: ,7, 85 JF 38Y~ 1k,5 11,8 10.2 305 8.1 1.5 17. .  '_23 Z
10'/7,/85 i'i[A 0.6 9.3 10.7 1073 8.1 6.5 325,329 177,4 7 ":
10/7:35 -- O8E' tI,n: 12.? 10.0 156 7.4 1.4 125 22 L
10/" .35 '-ZA T$ 0.2 11.4 10.5 518 8.0 2,' 313 141 .
i1.7, 3. Pi_ 13,,0 i?6 10.6 250 8.0 5.2 121 36
:6:7,/85 C'"/:i 5. i",: 11,7 572 8.5 2.4 253 1G6 6
i0"/... ... .... L 9.2 376 7,3 3.? 183 :33

13."5 _U . ..I,... 1950 2.1 i 93,.
127'/S9 7.-Z- " 3." 7.5 665 7.4 ....S)
I0/", 3 C 4!..; r.s.= 10.8 656 8.0 2,.1 53: .

11. 4/35 >®,.4: 9,' 2, 3 ' .6 334 ".3 - -,. ,'K 164
-1 '25 7' _ ., i . 1i - 0.3 346 6-.0, 7.' ' 7

11A, -" lJ. >,8Ej 11.,3.9 3.2 * . ..

114 U5[ OSZ 44,.7 9.9 241 7.6 1,0 :3,13 42,42

1.,4,5 :L ' 8.0 12 "2 "-E 8,2. 472 130
i7,'4/E: SPkNG6 .5.7 13J 10.6 576 3,0 .6 26' i,2 O
:1. ES . S.:....% -,  ,. . ,z 9.2 336 7.8 -. &, 29 19.
1. 4,E t . ... i,.12.3 10,6 679 E" 2:"-"
1 Vl.4,." -" < .415 : 8.6 i 1.' 9.3 337 t E 1 :.?;' 234 ±4 f l
I1/4/85 3:.Ji. 16.: .. 10.1 47.7 "  11', 2S'. :3-

7 
l l l



Table 2. Dale Hollow Inflow Sampling Data, 1985
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--"F: "-JAE TOT. 6011D )~S2. SU?. SOL. Y TOT. SOLID KZJEL ,  itJ4 ;T~r ;-

OP'fl*c " W- " -n;. SOL. N5.2 5'E
5.,,:, - 55.7 251.3 ".4.5 36.8 0.16 .4i5. ,8 r-ZLE C;r ?. 1,. I di .6 !5.1. 34.7 .25 I.3: , G
5,!'9 w1 'tE . L WC72.. 1: '7M. 9.0 0..: ).40
5.t F ND; 113 4f. 41.. .1 357.3 55.8 1.30 36
5'13,35 : .9i .1 S.3 12i.8 112 A0.8 . .2

3,[!. FPA'KLIN L.2 96.2 29E 264 32.0 ":.: 0.50 12
=/13/K WOLF R - 153. 131.9 21.7 0.a. 0.62 i-
5/13/85 .PR, 4 4E 52 331 24,.2 86.6 0.5 1.52 4
5/1185 7 - 9877 9539 33.8 .3, 22-5/i .AMS s, . CE. 268.4 2('5. 1 63.3 , 0.05/, . ,K "L'LP',!,- I. .. I347.7 276.1 C1. 2t. 6. i1:
5/13'P5 L.S JL HUR * I , , , *

6, 5',5 ER> CR 1. 52.6 293.9 279.7 14.1 1! " .326/r'5 EAGLE 7R i: 42.3 216.3 178,4 37.9 O,77 - "i 55
6/5/854 WF 26EY 9.2 40.1 196.6 162.8 33.8 ..21 0.24 98 C;
6/5.5 !ND ; 163.4 51 574.9 527.5 47.4 0.67 0,40 ?c
6,,S5 F CeE2 5.3 30 3:3.3 135.7 177.6 0.i9 0.M6 30
6,"! 85 2 2.6 :15.5 394.1 291.5 02.6 0.55 ".30 49
i/,'/85 40L A 7.9 32.4 170.5 146.9 23.6 2.34 J.23 49
6/5/5 SN6 55. ,9.7 336.5 320.6 "5.9 1.4; J .26 24 218,'-
/5,95 .,V,34UP 7.9 37.9 346.9 325.5 23.4 1.30 1.30 ?4

61' 85 .1, _L 200.5 479.7 1M1.9 j')4.4 47.5 0.,2 2,4F
!6/5,95 , .AM 1 36 332.2 12-,.9 104.3 . 3.22 '_

I/865 3,JLPHUR 17. 1 135.5 411 379.7 21.3 9. , .21 2"

'16/e5 .OS "r 6.5 9613 350 32. .3 9.1 .33 2
7/16/F. - C 10,7 34. " 256.2 208.4 7.? ,O.
, .5 ,- 38E ; 8 . 239.6 1K.2 47.4 :" 0.35 26

7/16. 35 IN.'4N 21.4 10.1 695.4 673 . .2 2.52
?/16 35 rF.c 2 E, . .77 219.3 209.5 ,.t 1.!4
7/16 35 FkwLjN 1.9 148.2 362.1 360.3 1.8 ,.15 ".9 ,
/16!5 YOl r Q a -- 8.3,51.5 234 221.2 12.3 .16 3. 8 2 . "1 "..

7/16'85 SPO46 64.5 60.r 3.6 363.? 1.5 L'62 ,,6, 2: -
7, 16'85 L.,UL l3.i 31 263.2 250.. 13,1 1.55 A38 iC17116'E5 !LLWILL ,F5.? 452.8 1251.3 1137.8 3.5 U.37 0.26 ",'
"1E' , , ':L,.AM; 55.1 315.2 729.7 701.8 2S.0 i".1 0.36
71!6,85 SJ0"UR 22./ 256,',234. 544.6 19.5 25.1 lt.1 0.70 2. 42

8,21.S5 i 4#S CR 3.? 5', 279.9 250.3 :.2c' }, .i-
8/2118 EAGLE CO 5.0 i.1 ?1-.7 162.5 49.2 1.14 0.2
8/21,85 .4F OBEY 3. 1i. 215.8 190.9 24.9 1.65 U..5? 3? 4(j
/21 95 i 4 23,3 K .J.7,41. 430.7 422.2 16.5 .25,.2; lE .8,.- c,

8/21,8r Er O8EY ". 67.4 199.9 156.7 43.2 0C59 3.42 .8 86
8/21/95 FWIN 2.4 156.S 378.5 361.6 1-6.9 0.9 0.94 2?
8/21/85 WL- R 5.2 149.4 135.2 14.2 u,32 0.93 19
8/21/85 S DkNG 73.3 51.5 352.1,360. 31?.4,328.9 33.1 0.86 0.25 36 :12
8'21/85 .SILFUR 37.7 32,0 333.6 299.9 30.8 1.32 It,1 .7 5
8/21/85 :LLW:LL 183.2 400.3 1113.7 993.9 119.8 :1.54 0.83 Z6
&'2t/85 W'LL' E :9F3 137.8 373.6 346.5 27.1 0.12 0.50 12 12
8/211,8 SLFUR 22.? 11E.r 402.8 393.5 19.3 0.27 0.56 19 27



Table 2 (continued) 
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3/17/35 :RS CR 6.0 93.0 428.6 0 .1 .22.7 C .12 725 72
"/'e/ EA ,R 24.5 8. 233,6 23,.. 2.7 .44 1.03 689/17/85 F OSEY :6.3 60.2 242.3,248. 237.2,2 .7 24 0.16 *.343,7/85 :AN ?15.2 100.1,97.7 R7,. .816.5 97.& 0.2i 0.93 :t;c/ 8 E 6.5,7.1 77.6 190.5 ,188.5 "2.0 .14,,i4 0.41 7.3 .1,t10"41 5 r99 KLIN 2.2 169.0 421.0 393.4 27.6 0.!I 085 4'94'5 J0LF R 12.0 7-6,5 217.5 Z8.9 86 0!..9 1t.: 24

917/85 SPPING 76.1 78.2 439.? ' 415.8 23$ C.4 3.76 39 232-3/ ,'85 L.SULFUR 21.2 l,0 243.0 240.2 2.8 1.25) 11 91 30
9,'1 ' :LL~ LL 304.4 8-:9.0 lap'.9 .176;3.9 112L.0 O .1 1. ?

9/17/85 WILLIAMS 87.0 398.5 935.4 893.2 42.2 4' 1.68 140 15?/17/95 SULFUR 30.0 341.0 803 729.1 8a.2 0.30 1.88 51

10/7/8t :.ke'S CR 4. 68.3 284.0: 261.3 22.7 0.12 0.75 3? 1210/7/85 EAGLE OR 14.S 32.2 243.o 227.2 15,s 0.50 L1.03 SO 3610/7/65 WF OBEY 10.5 49.1 to0. 13.5 10,7 0.34 0.74 154 itio10/7/85 INDIA 198.2 76.3 752.6 E79 84,7 0.22 0.49 407 Ito,tio107,85 7F OBEY 4.5,4.5 53.1,52.4 117.711g.. 1l1.8,0?,.2 " 4.02 2.16 32,101 ItDo10/ FR*jKLIN 5.0 169.9 4 7:  391,4 , 36-3 0.24 1.14 37 151017/K , GLF R 4,.5 37.S 159,, 1. 7,7 3,1s a-.56 201 1
10/7/85 SPRING 66.5 91.5 411., 469.8 1.2 0.86 1.09 274 11710/7/85 L.SULFUR 18.6 19.7 214 "41.3: 1C.1: 1.14 0.43 40910L/7/85 ;LW:LL 274.2 757.6 1620.3 1525.0 95.9 0. ui42 156 ite16/7/85 4!LLTI1S 39.4 205.8 W1.6 49. 39.8 0.10 0,I7 204 :"6
10/7/85 SUL;J, 13.6 218.5 '52.6 486.2 3.4 0.14 0,34

11/4/85 ,RjNS CR 3.9 49.2 260.0 239.0 21.0 -.5 0.3 26 2?11/4/35 EAGLE C; 11.6 32.6 240.2 233.9 6.3 0.44 C,29 5 211/4/85 1 O 16.8 53.5 2U.5,2N. 234.8,239.8 1.4.4 ).27 0101 4P11/4/35 INOIAN 159.6 73.9 732.6 676.0 5;.6 3.54 0.1 3",11/4,'?5 EF OBEY 5.9 76.2 1U5.2 .175.7 19.9 .2c. C120 43 tio,1UUli4/85 fRANKLIN 1.8 148.8 363.3 857.4 5.9 0,14 C.94 1911/4/85 WOLF R 11.1 4.4 ,15.4 205.3 15.1 0,16 E.21 4511/4/85 SP, Na 59.3 63.1 410.0 391.0 19.0 1.0,1.] 0.59 43 3:11/4/85 L.S2IR 24.5,24.0 33.,33.0 32.3 270.8 31.5 " . 1.23 235.22! 31911/4 85 !L .L ;7.3 403.2 5w.4 486.5 .9 3.73 U.89 99 '11/4/85 WL.i.AMS 32.5 120.2 253,7 246.1 7.6 5..5 0.33 2!11/41 5 UL 7.7 116.2 321.0 295.1 25.9 0.27 it. 0 48 16



Table 3. Dale Hollow Inflow Sampling Data, 1985 17

- - , iP,,- ' tE- ;ODILIM ZINC AUiLiN14 3ARuAi CALCIUM
", ,- _. '. ug/ uq/1 u9/1 ,9/

5 ',"5 ''N R -- , 3.6 237 850 3 7u,.5
. , .2, . ,.. 244 1000 27 '1,.

,35 iF 0E :05 34 4,2 1c9 590 19 42.3
5 N, 7 911 8 ,.6 1662 2740 29 -7.6

5, ;,,R5 EF OXZY 424 292 2,2 80 620 25 Z_"3.6
r/11/8 FRANKLIN 222 47 1.7 89 310 17 63.7

5/' .3 5 OLF ? 1085 27 3.9 494 1520 37 39.4
5/.3/85 1PRING 81 a 2 24.8 250 040 29 62.9
5/13/S5 TLL "L 31 53 84.0 76 it1o0 39 28.,
513/85 WILLIAK 456 46 9.6 249 1990 1 5
5/13/85 SOLPHUF 25: 4S 6.4 121 590 20 71.2
5.3/85 .SLPHU * * * * * * *

E/ S ':,p 2202 :116 5.0 371 1810 3; 0 4.rl
6'5/65 -AGL CCF 542 46 6.4 109 560 .6

E,35 w 6.0 62 460 2( 4 2
-5/'35 INOM , 151 1 . 90.5 59 760 3' ,

E5,/ 6 ZF _' K! 1764 4; 3.8 814 3380 -1 94

6/c ' 5. F ,IN 541 6E 2.2 206 470 LL
6/5/, 5 .-. ." . 346 36 5 .1 168 570 r .

6/5/85 .-PR INf: 56 19 31.4 572 :tlG - 5
1 ' 585 ,:'L 152 48 6.3 133 500 34 82.i

6'5/85 !LLiLL 4; 5c 121.2 165 251 46 179,
8/5.,5 ,1.-L'S :30 16 13.1 183 ! .
6/5/8! SULPHUR, 238 1? 11.1 172 271 27 86.5

7/i.&':_5 7RONS SR 223 27? 7.0 167 itlOo 4-  P3.9
',16/O E E CR 261 -4 7.3 43 210 32 51,7

7/16/85 W X '3BEY 103 36 8.7 7 R,
7/16,35 NA 3K 16 126.0 273 1110 .o 83.4
7/16/85 E- OBEI 49 127 5.2 118 21) ",
..../.. i RANKLN 5j i6 2.6 129 1t100 2t
7,/.i95 4OLF R i 5 47 7,7 :92 -.,
7/16/, 5 P:'3 6 49 39.7 71 1 - 0 3;
7116/35 6. .,2& -q 3 ! 8.1 19 22- 5i
7/16/8t Lr * L. 128.8 31 iOC 4. 33 .
'/1'a .1:.1-: .5 L2! 49.1 38 1iO0 69 133,?
7/16/85 .P ; P E 23 17.3 143 It100 32 _: .2

8,21, 3- iRI.E " , " ' 24 3.9 21 1.100 32 68.2
8/21_,' Z 5 EA3_2 ^P 215 52 3.6 22 130 29 4-.1-
8/21'E5 AF )BE, :^ =2 5.2 29 24 1 47.5
8/21/85 INDiA 30 Itl 66.3 18 t100 27 7.
8/21,' 5 E; 00Ey 51" -7A 4.9 3 330 .
8/21'8. ;ONKL,: ' '9 3 2.2 32 ,0 26 2.

8/21,'8! 4,F R 149 37 7.3 59 1!130 42 34.,6
&'21,'e 3PRIN6 .25 26 32.! ?9 itl0 32 6.2
8/21 85 ,.SL:UR . 41 129 20.1 78 l1O0 59 ;6.6
0/21/9, I5L:L . 153 3' 51.9 65 ±t101, 40 i62.0

21, 85 , i..,# 24 13 S2.2 70 at3 28 73.9
'21/8! SULFUR 2 25 8.1 69 Itlo0 27 8,t 9



Table 3 (continued) 
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*" 3 5 " . ..: Kr . 2,2: > X)G .
'6.

_ ,. - ;" 8.9 156 iK[i 3.1,'-2.5 -22 I':  It; ::3( 26 3-
9/1 . ,- ' f 18!1.1 12, "t19 C 42 %9

. 5.4 38 lO 32 .8
9 : 211 3.6 239 .tl D 23 ,,

": 5 '_ "6 44 , 1 SI fOO 72

59 26 49,8 215 1t 0 39, 29 i2 8.8 241 Itl00 58 '.7
1:/S5 :'-.1:.- ?: 30 200.8 256 doe 57 26 .9;.:35 .: .4 51 181 66,5 It5 it'00 77 767,3

9. 17/d5 " 472 i 2.? 1t 255 53 A48.4

S ' S 4"R 4.5 7 ItlOo 34 6.3
2- t 5.8 7 MNDO 32 5i.9

10," 65 KB 2x 1G 7.5 It5 i02 25 q3.3
!t5 139.4 I5 ItlOD 37 85,7

64 .246 4.0 16 Pla0 32 22.8
,'?.85 , 37 1 3.0 It5 ,t,0 27 92!.2

C 1 5.2 It5 Pl00 47 3i.0
10/735 "3 38,G It! io0 39 's
10/7,,85 FLR )4i 94 8,4 P,5 1.tlQ 53 59.9
10/'7'35 "179.2 it t!6 5OO

/1'; 7,.. 27,8 15 ,tf IG 1C3.,8

le, 7"65 94.. 15. It to 5..11/4,185 11 .. _", 2 3.3 I t5 . - o.

1,,4 R.5 t8 . 287
114,,.5 4F J8EY 28 :2 11.4 It5 ':%)O 53., I1 ' 4 1 e 1 9."" ,

S t 3 1t1 141.2 it5 "'.U 2
1:."4' EC 08 2. 164 5.7 9 3,1 35.7
,A, 41e5 :Rs:4.- .N 92 6 2.3 tt , o 24 6
11/4,19t OLF R 64 11 7. 2 5.

.L4, Q5 79 !ti42.f t T 35 '.
• ' -'S,9 LFi ' 0 10.2 10 295 4a 645 rt -- a53

v.. r.o 455 5 43,0 ItE 445 32 88.-
A65 H .' 134 25 8.5 1:- " f0 20

11141.F 34 ., It- -36 2:
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M .: PY~ V~DPER NI 'Y.L LEAZ :f711SK 0
R"', Q/ I-qI u/1 UY,

1t t5 it 1lW. .2

lt5 It5 It2 ItICO C.6
- '3/5 I ts0 ItIGO 0

IIto
' ~ ~ :'. . 24 17 ItSO 1t100 C

itSOit ItIco

i-~5 6 1t5c) t~be 0..

* :5 11t5 3 0 thi: )p .

I. s 1~ 6 t 50 1 tlJ

6! I~t5 140 2100o

£ :7 It5 ' lt 5, It:30

6/! 85 1 1. - Its 15 Lt~ ,
1 i It5 It! 15 3~ i

1t 5 its 1z50 1
1~ 1.c 1*5 55 61 1 tS

3E~~.. 91 It5 Its

Pg 't I t
2!I i'.5 17.6~ '

35 Its

it t! It- 1 * K 1
7U 1,,5 i 1to

& '2.5 ' a ~ S5 * t5 Wt 't~ 9'.'
.4it 1,5 t5 it 05 u

&'2i'ESI tc.5E~9 Its :t0 uCI
'21! 1.?I5 16 5:is~ s tU
3'2'8 L~:i 1. ' it 5 ; It5 1 I

6/2'8 ~ >35 ..It It5 IN5 1"1

R/21/ 85 UFR . t 5 tC P0 10



Table 4 (continued)
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-t *,/3, -5f -- t-, .45I' '

9/ f8 :&:- Ct Its It I4.-

Iff 1#5 5 itS ito 1) >7 'l'~ ' 3 F 2 5 t", t 9 0 P O
-1 It -5 15 it5 MO i1 I. a

XKNG-J 2.3 1 C I It s ItSo i9 tio& 2.
V4 ~ -.5 *!5 itS 1 I

91 'L 6.0 iS ItS ItS 1,,50 PAok
3t '5 I* ttS It tt 'A0 t0 ~ .

9/17 'S5 Z ? 339 t: 5i1 so5 It'. 1 0

;5 J4 >4 Its 1t itS >50O' ".8
7' EGSE it 1. L it s It s ItS 50 I t uf

~O'~9 \D>: 0. itS It t I5 lt'0
111' 3 7 BE 15045 t Its IMO A 100 I.
5 %qD O 7 2 >5 ItS, Its >t5o >1o ?.

5AA 4 4t 1:5 Its its itiDD
1r It 5 It 50 itI)

7; t5 -t It I. I I. .
'tit:C )Its ItS It5 It5o Itio -

*"A-,~ Its ItqS ItS c

!:TE f?. C5 120 I. tt5 1t5

EF BE' 8 5 >56 P ts

/8z 1-2J N > 5 ItS 0
Et4/5 .L ST Iu2 >*z 55' lO 1

4/.ES !4 5 t t5 IV, 1'4
i.,4,,8!5E.3UL7IS .2 Its ItS "tS1

11,4/8e5 LIC ' ' t t t5 r~

11/4/85 UW % 1 '. it t t tSc it1§ b
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Table 5. Water Quality Data for Dale Hollow Lake, 1985

.: T 1985
lATE P

7 ' : "EF-, "i? -D. 0. N OP T E[!'h :. :i. -

-- 2. 8.1 1O N6 .

27.E 8.2 S. 2;74 4,
6,0 8.4 162 3.2 4.2

.4 166 7 294 .5 2.7

L 4.1 205 ;.9 336
14., 4,1 141 7 34

3.5 134 ',1 342 .
- i 3.3 131 .4

3.3 136 7.1 34..
"- ,]5 , 3 7,! -4--3 ,

M,0. 3. 1 127 7,4 3.*4

S, - 82 172 2.: 25,
- t 8.3 167 . -

8.5 16! S.3 2.
6 _.. 8 16C 8.1 _

6.3 172 " ? -

S.." = 5.4 13" 7._.z.
" ".- 4.8 133

4 .5 1 3 2 -. " "

."i -4,,

22 10 4 133 . 1.2
24 1 3.7 13L "

.:L q ,,,0' . ,A, 0 9. 2-"'
... ... ..... i:.7 1., 2. 58G

2 27.5 ?.i 2 ".
27 9.3 19: ,. 22 -.3 1.6

20.2 3.3 20( 8.5 222 2.3
E e 0.5 218 '.1442! O.=. . .,% 4.4 2. 7

1.6 179 7.,
.2 ,_', 0.86E . !a 1.

C.2 i5: '.6
1i. 9.2 10 4 3u4

. '.~. 8.2 6.: 20,
.2 8.3 165 2.4 228 .:

S.. 147 8.4 229 . ,,
S .5 150 8.4 230 ,

134 E.2 24C .2
S3 , 130 7.7 293 2, .

... , - ., 129 7.6 297 ".2 1.1
97.2 1 7,6 298 2.6 1.3

22 6.5 127 7.6 297 2. J.6
.5 124 7.6 295 3.1 0.2

28 i.7 5.2 121 7.9 267 4.5 1.'
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Table 5 (continued)

" jj,4 162 228
4 :'i. 13 15? 3.' 2?? 5.:" i *. i2 .5  I1i ,. 234 2,,

-- ,., 10.4 11C 7,7 27f 3,3 ;,
- 11M 7.5 27

9.8 8.6 114 7.4 287 2.5

24 8.9 !.1 tI0 7.4 288 .
274 7. 104 .4 28830 7" 6.8 113 7,4 2<9

'C -6
> : 7 .2 6 ,"5 4,

7. 6.3 110 2'

5 7. 2,
7.4 196 7..

C,, 4.9 191 ".-TA5J

5 201 .3 2W. 4-.: "_ ., 184 6,5 2 - .- - 160 27,

- -' 5. ,.
* . 154 1 0Ic- 1.? 155 -: 2 .AL .33JT 23 2RP" 2 .7 ,2.5 - ' . 9 ,4 21 . ." 3.35 '.L:

AL7,7 
-5 2o011.5 2 .8 7.7 186 i5 ..

5 25,4 7.7 185 1 -

!2..* g ,±. 18( ; . .

. 222' 
-, .,4

22 164f.

44

11. 17 .3 -70

"7Z. .3 22 "" 6--24 7i 15ZZ ., " .

185 ',,. -4.a..... 13? '.2 -2:k 1.n9
.6 17" - - ,"5, .
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Table 5 (continued)

".2 8 ; 1,2 204 1.2

s-. 8.2 175 8,2 24 ,,4
-. 2.- 8 Q4 .. 2! 5 ",

?8 14211l .5 2:
II3. ., 74 2=4 :.2 4

: i., 6.4 157 7,2 23 . .2 1,
.... -25.. . L.> .

4.1 14! 2' _"

7-C
2.8 131 26. 42

29 3, 1,. 5 123 ., :;-; .,"
9>. 2.4 129 7.9 234 . 2,

3$:G ;", - V -. 5,3L. S 191 31I 2:2 ',5 "' i: 35 }:.
: L,. 8.1 176 8.1 22 .4 .

, 8.2 170 8.1 216 1 .4
: 12.1 '73 7.4 24 , 1,12 "5 ¢ 9 160 7,4 262" 12:

7,9 150 7.3 270 .5 i.4
" 7.1 140 7.3 270 .3
, 6.6 139 7.3 27. 3 13"4 r.; Z 72..

2M.. 7.2 26,
3C0 4, I1 .3 ,27.

p ...

33 9,4 3,2 1,

OCTOBER 3 7,. 2 7,1 191 -, 4 :, . .-
'C.! ".: 1&' 4 7 , ,

4 47,M 180 '.
6 IC, 7.1 162 2 , .65
9 f.- 7.1 18C . - 2 065
9 j 18 .2 2 -

.. L'', i 182 ". 2Pt  -, }6

216 -. 4 .*
." 16 0. 187 6.8 156 4 5.65

. - 176 7 26 .; .71

X%!BER ,16 7,5 278 t "
"- 1.52 6 7.5 27T .9,-
3 2t tS!5 165 7,5 273

7.52 166 7.. 24 ".
1 7.51 -6, ?.5 266 -s

Z.5 ,_ 7,X7 163 7.4 259
0 165 6.7 286 44

15? 6.8 288 2.5 i.?
i" 02 O 156 6.3 29C , 5.75
- 1 5 155 6.9 291 235 0..
21 ,1..150 6.9 293 3,' 0.'
24 3 1.4 0 150 7 294 2.5 0.85
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Table 5 (continued)

-: ": : -. 24.:: 215=  7.J 1 5 *?.E :.<2
10 M 5

".5 7 19 ', 189 .4

7 200 7 5 18 ',., .,S 2>. 7 198 7.5 17 ".8 ,65

11 1.' 6.2 215 7.3 15 5.65 1.5t
0 178 6,Q ;,5 4.3

15.  12.8 0 182 6. -6 ..
0 18 7.9 -.36 4.3 2.4

. .L 20.4 8.2 146 7.8 214 .5 ,.6-
20.3 3.3 133 7.8 220 ±.. 0.'
2 2.- 8.2 132 7, 219 ..5 0.E

1.7 C. 135 7,7 221 ,4.

S.F.4 11 7 250 e2 e,6
3.4 110 6.9 250 ,

M 2.7 107 6.9 246 -.E 0.-
.7 5 6.3 241 ,e 0.25

" 0,. 88 E.3 241 4 O.S.
3.4 3. 92 61? -A2 - 2 .

- 1.2 83 242 1.4
F ''FZ," -G -:. 1B3 !" 7;' ;'2-, - G.E: . ,2

L.? .3 13i 22 2 0.8
C 2 ," 3.3 13 7.3 228 2 0."

9 20.7 .; 13? - - 229 1.S5 0l
12 23. 8.2 I2 73 0.5
2. 3 61.8 12C ". 26e 2.2 0.5
1.s .. 6 12L-  ". lE ..5 0.4
22 9,.4 4.8 124 7.1 2E- i.3 0,3
26 .9, 120 ", 2 _, -,0.

3.4 2. 9.9 0.
2 12u "i 264 0.?
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